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Sudden coronary death isan important feature of clinical
coronary disease, the incidencedoublingwith each decade
of age after age 45 and with women lagging behind men
in incidence by 20 years. Fifty percent of the sudden
deaths in men and 64% in women occur in persons with-
out prior coronary heart disease, and 18% of coronary
attacks in men and 24% in women present as sudden
death. More than half of coronary mortality is in the
form of sudden death. Persons with overt established
coronary heart disease are at 3-fold to 12-fold increased
risk depending on age, the risk ratio diminishing with
advancing age. When overt coronary disease is estab-
lished, the major coronary risk factors have little dis-
cernible effect on the risk of sudden death. Risk appears
related chiefly to the degree of myocardial damage as
indicated by electrocardiographic abnormality and evi-
dence of cardiac failure.
Sudden death, a prominent lethal feature of coronary heart
disease, is estimated to claim approximately 300,000 vic-
tims annually in the United States. This statistic warrants
the growing interest in investigating possible determinants
of sudden death. Further insights are necessary into how it
evolves, both in the general asymptomatic population and
in persons with clinically manifest coronary heart disease.
Continued research is needed to delineate both the factors
that specifically predispose to sudden death and the patho-
genetic mechanism that precipitates it. Despite an increas-
ing body of prospective epidemiologic data on the factors
predisposing to sudden death (1-4) , the data are sparse,
particularly on its occurrence in women. This report ex-
amines how sudden deaths evolve in the general population
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In subjects free of overt coronary heart disease, the
risk of sudden death varies widely in relation to risk
factors, including systolic pressure, serum cholesterol,
vital capacity, cigarette smoking, relative weight, heart
rate and electrocardiographic abnormality. Multivariate
combination of these risk factors allows an efficient pre-
diction of sudden death in both sexes. The key to the
prevention of sudden death in the general population is
to prevent coronary attacks by avoidance or correction
of the aforementioned risk factors. No risk factors thus
far identified are clearly specificfor sudden death. Once
overt coronary disease appears, minimization of myo-
cardial damage and protection of the ischemic myocar-
dium are required.
(J Am Coil Cardiol1985;5:141B-149B)
and attempts to delineate prime candidates and predisposing
factors that can be modified. In particular, insights are sought
from defined subgroups. The report relies heavily on the
Framingham Study (1), which has now accumulated 26 years
of follow-up data .
The Framingham cohort is made up of 5,128 men and
women 30 to 62 years old on entry who were examined and
followed up biennially for development of coronary heart
disease in general and sudden death in particular. The sus-
pected predisposing factors were monitored biennially. The
sampling procedures, laboratory methods, specific criteria,
response rates and follow-up study have been described
elsewhere (1,2) .
Coronary Heart Disease
The assignment of sudden death to a coronary etiology
is inferential and relies on the fact that few other diseases
can kill in a matter of minutes . In the Framingham Study,
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coronary origin is assumed when death occurs in minutes
« 1 hour) and clinical or postmortem examination excludes
aortic dissection, ruptured aneurysm or pulmonary ebolism.
The definition advocated by the World Health Organization,
death within 24 hours of symptoms, is less specific and is
likely to cause confusion.
Pathogenesis
It has been often noted that in most instances sudden
cardiac death is neither triggered by nor associated with an
acute myocardial infarction (5-7). However, it is not clear
how often sudden death represents an evolving acute myo-
cardial infarction, a transient ischemic episode gone awry,
acute coronary thrombosis or coronary artery spasm. Recent
careful autopsy studies (8) indicate that 44% of patients who
die suddenly of ischemic heart disease may well have a
major recent episode of intraluminal thrombosis and an ad-
ditional 30% have smaller thrombi. These life-threatening
thrombi were found to occur predominantly in the right
coronary artery (which supplies the conduction system) and
in relation to fissured lipid-laden atheromatous plaques.
It is not clear to what extent these lethal thrombotic
episodes are spontaneous inevitable accidents based on the
intrinsic disease or whether there are outside influences.
There is some evidence that cigarette smoking, diabetes,
blood lipids, exercise and stress can affect clotting. How-
ever, few systematic population-based studies that have in-
cluded measures of clotting are available.
Although the sudden death syndrome often occurs in
persons who appear clinically well, autopsy examination
usually reveals extensive coronary artery disease, and an-
giographic findings after resuscitation show severe ventric-
ular dysfunction (5).
The Framingham Study
Over 26 years of surveillance in the Framingham Study,
of 5,128 subjects who entered the study and were found to
be free of coronary heart disease, 147 men and 50 women
died suddenly. New coronary heart disease events were
monitored at biennial intervals by reexamination, monitor-
ing of hospitalizations in the only hospital in town, infor-
mation from personal physicians and medical examiner re-
ports and death certificates. The circumstances surrounding
each death were carefully ascertained from the decedent's
spouse and personal physician, and from reports of the med-
ical examiner, hospital records and death certificates. In-
formation was collected routinely at each biennial exami-
nation on the life styles and personal attributes of each
subject. The methodology, sampling procedure and criteria
for disease end points used in this study have been reported
elsewhere (9).
Sudden Death: A Feature of Coronary
Morbidity and Mortality
Long-term prospective epidemiologic studies, such as
those at Framingham, indicate that subjects with overt es-
tablished coronary heart disease are at increased risk of
sudden death. This applies not only to those who have
sustained a myocardial infarction, but also to those with
uncomplicated angina pectoris. However, 50% of sudden
deaths in men and 64% in women occur in persons without
prior coronary heart disease. Thus, there is a need for pre-
ventive measures both in the general population and in those
at inordinately high risk because of overt coronary heart
disease. About 10% of all coronary events in men and almost
8% in women present as sudden death. Excluding angina
pectoris, 18% of coronary attacks in men and 24% in women
present with sudden death as the first, last and only symp-
tom. Because many of the deaths are sudden and unex-
pected, this constitutes a major problem. This is further
attested to by the fact that more than half of coronary mor-
tality, the leading cause of death, is in the form of sudden
death. Because of the nature of sudden death, more deaths
occur outside the hospital than in it. The first prolonged
attack of ischemic chest pain carries a 33% case fatality
rate. Thus, sudden death is a prominent feature of coronary
heart disease morbidity and demands a preventive approach.
Risk and Predisposing Factors
Age and sex. Although sudden death is not unknown in
the young and healthy, it is a rare phenomenon before age
45. The incidence doubles with each decade of age after 45
years. Sudden death is also a male disease; women lag
behind men in incidence by 20 years (1). The proportion
of coronary events presenting as sudden death tends to in-
crease with age. Although the incidence of sudden death in
women is only a third of that in men, the proportion of
sudden deaths occurring in association with myocardial in-
farction is at least as prominent in women as men (Table
1).
Prior coronary heart disease. The incidence of sudden
death is substantially higher in both men and women who
have had overt coronary heart disease. The incidence of
sudden death is higher in men than in women, as it is in
those free of overt coronary heart disease. In both cases,
the incidence of sudden death in men is twice as high as
that in women (Table 2).
It is somewhat puzzling to note that the proportion of
deaths due to coronary heart disease that are sudden is sub-
stantially greater in persons without (75%) than in those
with (20 to 34%) prior coronary heart disease. The pro-
portion of coronary heart disease deaths that are sudden
decreases with age in men with and possibly without prior
disease (Table 3).
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Table 1. Percent of Specified Coronary Events Presenting as Sudden Death by Age and Sex: 26
Year Follow-up, Framingham Study
Percent of Percent of All
Coronary Attacks* Coronary Eventst
Age (yr) Men Women Men Women
35 to 44 13.6 0 8.1 0
45 to 54 16.0 22.7 9.5 7.1
55 to 64 18.2 17.7 10.1 5.4
65 to 74 20.4 19.7 13.6 9.2
75 to 84 20.0 25.9 16.6 13.5
Percent for ages 35 to 84 18.0 24.3 11.5 7.6
*Coronary attack = sudden death plus myocardial infarction; tcoronary events = angina pectoris, myo-
cardial infarction, coronary insufficiency, sudden death and nonsudden coronary heart disease deaths.
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This raises the possibility that the pathophysiology of
sudden death in persons with prior overt coronary heart
disease may differ from that in persons without evidence of
prior coronary disease. Once overt coronary disease ap-
pears, there seems to be little influence of the major car-
diovascular risk factors on the development of sudden death
(Table 4), Also, the development of overt coronary heart
disease would seem to be an equalizer of young and old
with respect to risk of sudden death (Table 2). Once coro-
nary heart disease appears, only signs of a compromised
coronary circulation and myocardial damage, such as
electrocardiographic left ventricular hypertrophy, intra-
ventricular conduction disturbance and cardiac failure, ap-
pear to predict sudden death.
Multivariate prediction equation. Although most sud-
den death is an unexpected occurrence, in the general pop-
ulation it is to some extent a predictable phenomenon at any
age in either sex. Risk does vary widely depending on the
risk factor makeup of persons in the general population (Fig.
1). The risk factors do appear to be significantly different
in average level in those who die suddenly compared with
those who do not (Table 4).
By incorporating systolic pressure, vital capacity, rela-
tive weight, heart rate, serum cholesterol and electrocar-
diographic abnormalities into a composite risk formulation,
it is possible to assess vulnerability over a wide age range
(Fig. 1). This multivariate prediction equation can identify
53 and 42% of the sudden deaths in the upper decile of
multivariate risk for men and women, respectively.
Electrocardiographic precursors. A compromised
coronary circulation may be manifested only by electrocar-
diographic abnormaliity, and such asymptomatic coronary
disease predisposes to sudden death. In the Framingham
Study (10), electrocardiographic abnormalities such as left
ventricular hypertrophy, intraventricular block and a non-
specific electrocardiographic abnormality were associated
with an increased risk of all clinical manifestations of coro-
nary heart disease, including sudden death. In those with
left ventricular hypertrophy and intraventricular block, the
risk of sudden death is increased five- to ninefold, which
is comparable with the risk observed for overt symptomatic
coronary heart disease. Nonspecific electrocardiographic ab-
normality (and even sinus tachycardia) doubles the risk (Ta-
ble 5). Long-term electrocardiographic monitoring indicates
that left ventricular hypertrophy and intraventricular block
are associatedwith frequent ventricularprematurecomplexes.
Ventrteular arrhythmias. Ventricular premature com-
plexes are often considered an electrocardiographic hallmark
of impending sudden death. On the basis of monitoring and
even on insensitive routine electrocardiography, subjects
exhibiting ventricular premature complexes have approxi-
mately a twofold increase in risk (Fig. 2). However, ven-
tricular premature complexes associated with sudden death
usually exhibit coexistent electrocardiographic abnormali-
Table 2. Risk of Sudden Death by Coronary Heart Disease (CHD) Status: 30 Year Follow-up,
Framingham Study (rates per 1,(00) .
CHD in Men
Risk
CPD in Women
Risk
Age (yr) Absent Present Ratio Absent Present Ratio
45 to 54 2.4 29.2 12
55 to 64 4.4 30.5 7 1.2 5.9 4.9
65 to 74 6.6 28.3 4.3 2.2 14.6 6.6
75 to 84 10.8 28.6 2.7 7.7 17.8 2.3
144B KANNEL AND SCHATZKIN
SUDDEN DEATH: POPULAnON STUDIES
Table 3. Proportion of Coronary Heart Disease Deaths That Are Sudden by Age and Prior
Coronary Disease Status: 30 Year Follow-up
Percent of Sudden Deaths
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Without Prior
Coronary Disease
With Prior
Coronary Disease
Age at Death (yr) Men Women Men Women
35 to 44 67 0 0 0
45 to 54 80 50 53 33
55 to 64 80 65 34 11
65 to 74 69 73 39 23
75+ 74 83 23 19
Percent for ages 35 to 75 + 75 73 34 20
No. sudden deaths/coronary 88/117 49/67 96/279 28/152
heart disease deaths
ties such as left ventricular hypertrophy, intraventricular
conduction block, nonspecific abnormality and myocardial
infarction. These abnormalities are associated with a greater
risk than ventricular premature complexes and predict sud-
den death, even taking this ectopic rhythm into account. On
the other hand, most persons with these electrocardiographic
abnormalities who died suddenly did have ventricular pre-
mature complexes at one time or another.
In persons with established coronary heart disease, ven-
tricular premature complexes, tachycardia, left ventricular
hypertrophy, intraventricular block and persistent evidence
of myocardial infarction are all associated with a substantial
further escalation of risk. Frequent or multifocal ventricular
premature complexes on the electrocardiogram at rest appear
to be more specific for risk of sudden death in persons with
established coronary heart disease than in asymptomatic
persons, In the Coronary Drug Project, the excess coronary
heart disease mortality associated with ventricular premature
complexes, including sudden death, was independent of
coexistent risk factors. However, the fraction of deaths that
were sudden was no greater in those with than in those
without ventricular premature complexes (11).
Advanced grades of ventricular premature complexes are
often a sign of a diseased myocardium and are most frequent
in those with an ejection fraction of less than 40% (12). It
is possible that ventricular premature complexes are a sign
of an irritable diseased myocardium, which is more fun-
damentally responsible for sudden death. Therefore, ven-
tricular premature complexes, although often a harbinger of
sudden death, may not be a direct inciting cause.
Cardiac failure. A damaged myocardium is often irri-
table and prone to arrhythmia. An examination of the risk
Table 4. Mean Level of Specified Characteristics According to Coronary Heart Disease Status
at Examination, and Sudden Death Status in the 2 Years After the Examination: Framingham
Heart Study, 26 Year Follow-up (men only)
Free of CHD Prevalent CHD
Sudden Sudden
Death Death
(n = 23,847)t (n = 73)t (n = 2,487)t (n = 74)t
Age (yr) 53.5 60.3 62.1 62.6
Systolic blood pressure (mm Hg) 135.7 148.6 142.4 144.6
Diastolic blood pressure (mm Hg) 83.6 88.2 83.7 84.3
Serum cholesterol (mgldl) 229.6 239.2 236.1 234.9
Cigarettes/day (no.) 14.3 17.9 15.0 16.6
Vital capacity (cc) 343.1 311.0 292.3 290.3
Hematocrit (%)* 46.9 47.6 46.8 46.4
Electrocardiographic left 1.7 12.3 7.3 27.4
ventricular hypertrophy (%)*
Pulse (beats/min) 75.1 81.9 76.0 78.1
Hypotensive agents (%) 8.4 20.0 18.3 33.9
Framingham relative weight (%) 102.7 106.7 103.3 100.0
*Percent prevalence; tnumber of patients varies due to some characteristics not being measured at particular
examinations.
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oFigure 1. Risk of sudden death by decile of mul-
tivariate risk: 26 year follow-up, the Framingham
Study. ECG = electrocardiographic; I-V = in-
traventricular; LVH = left ventricular hypertrophy;
Non-Spec. Abn. = nonspecific abnormality.
of sudden death in cardiac failure in the Framingham group
indicates a markedly increased risk (Fig. 3). This could be
on the basis of the diseased myocardium itself or due to
glycoside toxicity or diuretic-induced hypokalemia.
Sex difference in risk factors. Women reach the male
level of sudden death incidence some 20 years later in life
(Fig. 4). Also, whereas 50% of the sudden deaths in men
occur without prior clinical evidence of coronary heart dis-
ease, some 64% occur in women without prior overt man-
ifestations of such disease. Although there appear to be some
important differences between the strength of risk factors
in the two sexes, multivariate sudden death predictions seem
to be as efficient in women as in men, identifying in the
upper decile of multivariate risk 53 and 42% of sudden
deaths in women and men, respectively.
There are some differences in risk factor levels in men
and women, However, these do not account for more than
a small part of the difference in incidence between the sexes.
At any level of multivariate risk, women in the Framingham
Study have only a third of the sudden death incidence found
in men (Fig. I). This suggests a unique biologic resistance
to coronary heart disease. Because incidence of sudden death
becomes a more prominent feature of coronary heart disease
in women after they undergo menopause, even in compar-
Table 5. Risk of Sudden Death by Electrocardiographic Abnormality: 26 Year Follow-up,
Framingham Study, Subjects 35 to 84 Years Old
Age-Adjusted Biennial Rate per 1,000
Electrocardiographic
Abnormality
Absent
Present
Intraventricular Electrocardiographic
Conduction Left Ventricular Nonspecific ST and T
Disturbance Hypertrophy Wave Abnormality
Men* Woment Men* Woment Ment Woment
3.0 1.0 2.8 J.l 3.0 1.0
27.2 9.0 15.2 1.0 4.7 2.4
*p < 0.001; tp < 0.01; tp = NS.
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Figure 2. Risk of sudden death by ventricular ectopic activity
status(ventricular ectopyat eighth biennial examination), the Fra-
mingham Study. subjects 42 to 76 years old.
"p< .0 1 "'p< .00 1
Figure 3. Risk of suddendeath by cardiac failure status: 26 year
follow-up, the Framingham Study, subjects 35 to 84 years old.
ison with the incidence in women of the same age who are
premenopausal, some feature of reproductive physiology
appears to be responsible.
The classic coronary heart disease risk factors appear
to be operative for sudden death in men. The independent
predictors of sudden unexpected death in men that emerged
from multiple logistic regression analysis include electro-
cardiographic left ventricular hypertrophy, serum total cho-
lesterol, ciagarette smoking, systolic pressure and relative
body weight. For women, vital capacity, hematocrit, serum
cholesterol and serum glucose appear to be significant in-
dependent contributors (I).
Glucose intolerance. Diabetes doubles the risk of ath-
erosclerotic cardiovascular mortality in general, and coro-
nary mortality is no exception (13). Diabetes appears to
bring a unique contribution to cardiovascular risk that is not
entirely explicable in terms of the associated cardiovascular
risk factors. The myocardium appears to be directly dam-
aged by diabetes. In addition, effects on blood clotting,
such as diminished fibrinolytic activity and increased fi-
brinogen and factors VII or VIII, are involved (14). Possibly
for all of these reasons, diabetes in the Framingham Study
(I) was associated with an increased risk of sudden death.
This association with sudden death was more pro-
nounced in women, a finding consistent with other diabetic
cardiovascular sequelae which also have a greater impact on
women (13).
Living habits. Coronary heart disease is believed to be
the product of a life style involving an overly fatty diet,
unrestrained weight gain, cigarette smoking and too little
exercise. Data directly linking diet to the incidence of sud-
den death are virtually nonexistent. However, there are some
data connecting the serum total cholesterol to the incidence
of sudden death, although the relation is not as strong as
Figure 4. Incidence of sudden death by age and sex in persons
freeof coronary heartdisease: 26 year follow-up, the Framingham
Study.
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*Average over four biennial examinat ions in subjects free of coronary
heart disease. tp < 0.05.
Table 6. Risk of Sudden Death by SerumCholesterol Level: 26
Year Follow-up, Framingham Study, Subjects 35 to 84
Years Old
Tertile of
Serum Cholesterol *
Lower
Middle
Upper
20 Year Age-Adjusted
Rate per 1,000
Men Woment
34.7 1.3
52.1 11.3
44.1 22.5
o 60 ~SuddenDeath
41 0 DCHD . Death=~ 50
....
i ~ 40
0( g
"0 41
.! ~ 30
;E
0_ 20
E •0E
c 10
0(
55 58 60
for coronary heart disease in general. In the Framingham
Study, there appears to be a relation, particularly in women
(Table 6) . It is possible that when data on cholesterol frac-
tionated into its atherogenic LDL component and its HDL
protective component become available, the lipid-sudden
death relation may be clarified.
Obesity is promoted by overeating rich foods and exer-
cising too little . Because of its great prevalence in the United
States and its atherogenic metabolic and physiologic con-
comitants, obesity is a powerful contributor to coronary
atherogenesis . Therefore, it is not unexpected that obesity
predisposes to sudden death. Risk of sudden death in the
Framingham Study increased with the degree of adiposity
in both sexes (Table 7) . Furthermore, the fraction of coro-
nary heart disease deaths that were sudden also increased
with the degree of excess weight, suggesting a specific ,
unique influence (1).
Cigarette smoking transiently enhances the adhesiveness
of platelets, lowers the ventricular fibrillation threshold of
the heart, accelerates the heart rate, causes coronary spasm
and transiently raises the blood pressure. At the same time,
the oxygen-carrying capacity of the circulation is reduced
by carboxyhemoglobin accumulation, while tissue oxygen
utilization by myoglobin is impaired. These effects, com-
bined with a short-term nicotine-induced catecholamine re-
lease , could reasonably be expected to induce sudden death.
In the Framingham Study , sudden death was strongly related
Figure 5. Role of cigarette smoking: 20 year follow-up, the Fra-
mingham Study.
to cigarette smoking in men, and the proportion of coronary
deaths that are sudden also tended to increase with the num-
ber of cigarettes smoked (Fig . 5). This too suggests a spe-
cific effect on sudden death in particular. Of further patho-
genetic and preventive importance, those who stopped
smoking had only half the coronary heart disease mortality
rate of those who continued to smoke (14). This reduction
in risk occurs promptly and irrespective of the duration of
prior cigarette smoking habits (15) .
Physical activity is thought to be an important influence
on cardiovascular disease because it affects the level of the
major risk factors and the operating efficiency of the car-
diovascular system (15). Epidemiologic evidence (16) strongly
suggests that endurance exercise protects against coronary
disease . This seems to be the case despite inherent seif-
selection of activity and difficulties in quantifying it accu-
rately. Thus far, this protection has only been demonstrated
for men; it is modest although persistent and takes other
risk factors into account (16) . The role of physical activity
in sudden death is more speculative and there is some evi-
dence (3) that moderate or strenuous exercise may actually
precipitate sudden death . Dimsdale et al. (17) reported a
postexercise catecholamine surge to 10 times baseline val-
ues. Data fall short of either proving or disproving that a
high level of exercise can reduce the risk of sudden death.
*Average of four biennial examination s in subjects free of coronary
heart disease ; tp < 0.05.
Table 7. Risk of Sudden Death by Relative Weight: 26 Year
Follow-up, Framingham Study, Subjects 35 to 84 Years Old
*Rate on rest electrocardiogram; tp < 0.01 .
Table 8. Risk of Sudden Death by Heart Rate*: 26 Year
Follow-up. Framingham Study. Subjects 35 to 84 Years Old
Biennial Age-Adjusted
Rate per I ,000
Ment Women
1.1 0.2
2.5 1.5
3.1 0.6
4.7 1.5
5.9 1.8
I « 65)
2 (66 to 73)
3 (74 to 79)
4 (80 to 87)
5 ( >88)
Quintile of Heart Rate
(beats/min)
27.1 6.7
46.2 12.9
65.1 22.1
20 Year Age-Adjusted
Rate per 1,000
Ment Women
Lower
Middle
Upper
Tertile of
Metropolitan
Relative Weight*
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Table 9. Proportion of Coronary Deaths That Are Sudden by Examination Period Over 30
Years of Follow-up
Percent of Sudden Deaths
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Without Prior
Coronary Disease
Examinations (no.) Men Women
1106 85 44
71011 69 61
121016 71 86
Percenl for all examinations 75 73
With Prior
CoronaryDisease
Men Women
39 23
33 15
34 22
34 20
Possibly reflecting physical fitness or autonomic arousal,
tachycardia in the Framingham Study predisposed to sudden
death in men (Table 8).
Secular trends. An examination of the proportion of
coronary heart disease deaths that are sudden over three
time periods in the Framingham Study reveals no clear in-
dication of any amelioration of the proportion of deaths that
are sudden in either sex, despite a national decline in the
coronary heart disease mortality rates (Table 9).
Antihypertensive treatment. The Multiple Risk Factor
Intervention Trial (18) raised questions about the possibility
of adverse effects of vigorous antihypertensive treatment on
the incidence of sudden death in persons with electrocar-
diographic abnormalities. Elevated blood pressure is a pow-
erful independent predisposing factor for all clinical man-
ifestations of coronary heart disease, including sudden death.
However, there is no indication of a closer relation to sudden
death than to any other clinical manifestation of coronary
heart disease. Furthermore, the proportion of sudden coro-
nary heart disease deaths is no greater in hypertensive than
in normotensive persons. Although this is true for asymp-
tomatic persons, in symptomatic individuals hypertension
does not seem to predispose to sudden death once overt
coronary heart disease becomes manifest (Table 4).
Use ofantihypertensive medication is associated with an
increased risk of sudden death (Table 4). It is interesting
that whereas the level of blood pressure is unrelated to the
incidence of sudden death after the appearance of overt
coronary heart disease, antihypertensive treatment is strongly
related in such persons (Table 4).This raises a question about
antihypertensive treatment predisposing to sudden death.
Preventive Implications
Victims of sudden death share most of the major risk
factors for coronary heart disease, and the best prospects
for prevention appear to entail a reduction in overall coro-
nary heart disease risk with particular emphasis on avoid-
ance of cigarettes, correction of obesity and reduction of
blood pressure. High risk candidates for coronary heart dis-
ease, in general, and sudden death, in particular, can be
identified using ordinary office procedures and readily avail-
able laboratory tests. By incorporating coronary heart dis-
ease risk factors into a multivariate logistic profile, a com-
posite estimate of risk of sudden death is obtained over a
wide range in asymptomatic persons with efficiency as great
as that for coronary heart disease in general.
Subjects with overt coronary heart disease or silent coro-
nary artery disease manifested only by electrocardiographic
evidence of myocardial infarction, left ventricular hyper-
trophy, intraventricular block or nonspecific ST and T wave
abnormalities are at a greatly increased risk because of a
compromised coronary circulation. Ventricular premature
complexes often occur in conjunction with these manifes-
tations of myocardial ischemia and under these circum-
stances are associated with an increased risk of sudden death.
A damaged myocardium generally predisposes, and those
manifesting overt cardiac failure are in grave jeopardy.
Although overt coronary heart disease is associated with
ninefold increase in risk, clinical studies suggest that those
with a low risk of sudden death can be discerned by lack
of symptoms, normal creatinine, loss of electrocardio-
graphic evidence of myocardial infarction, absence of tachy-
cardia, a normal exercise electrocardiogram, fewer ventric-
ular premature complexes on monitoring and no hint of left
ventricular hypertrophy or congestive heart failure. Once
overt coronary heart disease appears, the standard risk fac-
tors seem to have little predictive value. This suggests that
minimization of myocardial damage and protection of the
ischemic myocardium are critical.
Results of risk factor correction. Although it is pos-
sible to correct most of the risk factors for coronary heart
disease, direct evidence that these measures will reduce the
incidence of sudden death specifically is meager. However,
measures that succeed in reducing the incidence of coronary
attacks are bound to reduce the incidence of sudden death.
Multiple observational studies (15) have found that those
who stop smoking have only 20 to 50% of the mortality
rate of those who choose to continue to smoke. Use of a
beta-adrenergic blocking drug appears to reduce sudden death
rates in those who have had a myocardial infarction. Control
of ventricular premature complexes by drugs has been thus
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far disappointing, probably because it is the underlying myo-
cardial damage and compromised circulation that must be
addressed.
Prevention of acutecoronary attacks. The prevention
of sudden death requires the prevention of initial or recurrent
coronary attacks. This is best accomplished by a compre-
hensive multifactorial risk factor intervention because no
single measure can be relied on to prevent either coronary
attacks or resultant sudden death. The dramatic decline in
the coronary heart disease mortality rate in the United States,
Canada and Australia suggests that this can be achieved by
hygienic measures and more sophisticated medical care.
Direct intervention against sudden death in particular re-
quires better knowledge of the involved intrinsic mecha-
nisms, which appear to be related to myocardial irritability,
myocardial ischemia, damage to the myocardium and coro-
nary artery spasm and thrombosis. Whether modifiable ex-
trinsic factors that directly precipitate sudden death by ag-
gravating intrinsic mechanisms can be identified remains to
be demonstrated.
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